Background: Malnourished children endure many changes in body composition and lose heart and skeletal muscle mass. Diastolic dysfunction is one of the major causes of heart failure with preserved ejection fraction. Aim: To assess left ventricular systolic and diastolic functions in children with severe acute malnutrition using tissue Doppler imaging technique and to evaluate the effect of nutritional rehabilitation. Patients and Methods: A follow-up case-control study conducted on 60 severely malnourished children (WHZ < -3SD) and 120 age and sex-matched healthy children as a control group. Tissue Doppler imaging (TDI) was done for all included malnourished children at admission and for control to measure left ventricular systolic and diastolic functions. Nutritional rehabilitation was done according to WHO protocol and tissue doppler was repeated after rehabilitation when (WHZ > -2SD) to detect any changes in systolic or diastolic functions. Results: Systolic function was normal in malnourished children and control. Grade I diastolic dysfunction was detected in 40% and grade II in 30% of severely malnourished children in comparison to 100% normal diastolic function in control group. No correlations between diastolic dysfunction and either anthropometric measurements, electrolyte disturbances or Hb% in malnourished children before nutritional rehabilitation. Mortality from sepsis with associated ventricular dysfunction grade II documented in 3.3% of malnourished children. After nutritional rehabilitation diastolic function improved significantly as 65.6% of children attained normal diastolic function, 31% grade1 and 3.4% grade II. Positive correlations between diastolic function and WAZ, HAZ, WHZ and MUAC after rehabilitation. Conclusion: Severe acute malnutrition affects diastolic function in children which is reversible in most of these cases with rehabilitation. TDI is an easy and practical method for detection and follow-up of ventricular function in malnourished children.
Introduction
Malnutrition is a major health issue accounting for approximately 3.1 million yearly deaths among children in low and middle-income countries, and it refers to both protein-energy malnutrition (PEM) and micronutrient deficiency [1] .
Patients with severe PEM have multiple nutritional deficiencies, anaemia and frequent intercurrent illnesses. Moreover, PEM involves tissue protein all over the body causing severe wasting of skeletal muscles including but less severely the heart muscles [2, 3] . These may variably influence the cardiac function [4] and may result in an inherent ventricular dysfunction [3] . Myocardial disorders, whether cardiac arrhythmia or heart failure, are responsible for some deaths among kwashiorkor patients [5] .
Tissue Doppler imaging (TDI) is a robust and reproducible ultrasound technique employing the low frequency and high-amplitude ultrasound signals reflected from the myocardium. Echocardiographic tissue Doppler imaging measures myocardial velocities and time to peak myocardial velocities with high temporal resolution permitting the evaluation of left (LV) and right (RV) ventricular mechanics. Moreover, TDI is useful for screening and detection of subclinical myocardial dysfunction, and for evaluating the efficacy of therapeutic interventions [6, 7] .
This study was designed to detect the myocardial affection in children with severe acute malnutrition (SAM) before and after nutritional rehabilitation using echocardiography and tissue Doppler imaging technique.
Patients and methods
A follow-up case-control study conducted over the period from August 2016 to January 2017 at Children and Maternity Minia University Hospital which is the main referral hospital for the governorate. The study was approved from the local ethical committee of the Faculty of Medicine at Minia University and informed oral consents were taken from care givers after explanation of the study purpose.
Studied children were subjected to full history taking with detailed nutritional history, clinical examination including anthropometric indices (weight, length, MUAC) using WHO Z-score growth charts optimal for their age and sex to determine the percentile for each parameter then were divided into 2 groups according to their nutritional status:
Group 1: included 60 infants and children recruited from inpatient nutritional rehabilitation unit who were admitted with the diagnosis of (SAM) by WHZ < -3 SD, MUAC < 115 mm or presence of bilateral pitting edema.
Group 2: 120 infants and children with normal anthropometric indices (WHZ > 2SD), they were age and sex matched with the first group and considered as a control group.
Children with; any documented cardiothoracic event, congenital heart disease, a metabolic disease as tyrosinemia, galactosemia, UCD, glycogen storage disease, chronic medical disease as cerebral palsy or chronic liver disease, history of prematurity or intrauterine growth retardation, and those with muscle disease or diabetes were excluded from our study.
Admitted children with SAM were managed according to WHO protocol for management of these cases and passed through initial stabilization phase and a rehabilitation phase according to WHO guidelines updates [8] . During treatment course at hospital, malnourished children were checked daily for weight gain and complications were treated. Based on the routine follow-up at nutrition rehabilitation unit, all malnourished children who survived hospitalization were followed up for 6 months post-discharge in the following rate; weekly for the first 2 weeks then biweekly till the end of the 3rd month. Routine follow-up included anthropometric measurements and vital signs, as well as assessment and management of any intercurrent illness. Our goal was to reach WHO, 2012 [9] criteria for discharge from treatment:Weight-for-height/length is ≥ -2 Z-score and no edema for at least 2 weeks, or mid-upper-arm circumference is ≥125 mm and no edema for at least 2 weeks.
Blood samples
2 ml venous blood samples were collected from all participants under complete aseptic technique for CBC and electrolytes at admission and at discharge from rehabilitation programe.
Echocardiographic and tissue Doppler evaluation
All participants were examined by transthoracic echocardiography using the Hewlett Packard (HP) Sonos 4500 using phased array transducers with a frequency of 8 MHZ. This was conducted while the child was in the recumbent or lateral decubitus position. All participants were subjected to M-mode, 2-dimensional echocardiography and tissue Doppler assessment using the standard views as a parasternal long axis, short axis, apical four, five chamber and subcostal views to evaluate the following parameters; LVEDD, LVESD, EF, FS and LA size [10] , as well as exclusion of any wall motion abnormalities. Transmitral flow pattern: Using PW Doppler across the mitral inflow tract, two waves were measured: the early E wave corresponding to early ventricular filling and A wave which reflect atrial contraction was typically measured by placing a 2 mm sample volume at the mitral leaflet tips in the four chamber apical view. Tissue Doppler imaging mitral annular velocity was obtained by placing a 5 mm sample volume over the lateral or septal mitral annulus and also systolic S' (Sa), early diastolic E (Ea) and the late diastolic velocities A' (Aa) were measured [11] .
Fractional shortening (FS) percent
The following equation was adopted to calculate the LV FS:
where, LVEDD refers to the end-diastolic diameter of the left ventricle and LVESD refers to the end-systolic diameter of the left ventricle.
Ejection fraction (EF)
The "cubed equation" was adopted to calculate the Ejection fraction:
LV diastolic function (E/A)
Using E/A ratio of the mitral flow by pulsed wave Doppler across the mitral valve and e⧹ by tissue Doppler [11] . Normal diastolic function was identified when LA volume index < 34 ml/m2, with medial mitral annular e′ ≥8 m/s, and lateral mitral annular e′ ≥10 ms/s. Diastolic dysfunction (DD) was diagnosed if the following 3 criteria were met: LA volume index ≥ 34 ml/m2; medial annular e′ < 8 m/s; and lateral annular e′ < 10 m/s. Further categorization of DD into severity grades 1, 2, or 3 was performed using the mitral E/A ratio, E-wave deceleration time, average E/e′ value, and peak pulmonary systolic pressure [11] .
Methods of statistical analysis
SPSS (statistical program for social science, version 13.0) was used for analysis of the gathered data. Continuous variables were presented as a mean ± standard deviation (SD), and categorical variables were presented as a frequency and percentage. P-value < 0.05 considered significant. One-way ANOVA was used to analyze quantitative data while chi-square was used to analyze qualitative data. The Chi-square (X 2 ) was used to compare more than one proportion.
Results
No significant difference between both groups regarding maternal working status as 90% & 83.3% of mothers in SAM group healthy children group respectively were housewives. Rural residence was of significant relation to malnutrition as 86.6% of them were belonging to rural residence, also 93.4% were of very low and low socioeconomic standards in comparison to 41.7% were of low socioeconomic standards in the healthy group and the rest of them were from middle and high socioeconomic standards (30% & 28.3%). No significant differences between both groups regarding their age or sex but the malnourished group had a birth weight that was significantly lower than the control group (P < 0.001) and were dependent mainly on breastfeeding 66.7% (P < 0.03) with deficient complementary feeding. The most frequent comorbidities associated with malnutrition were dehydration 31.9% followed by bronchopneumonia 23%, sepsis 20.7% and gastroenteritis 11.1%. Malnourished children have a significantly lower anthropometric indices, hemoglobin, potassium and calcium levels in comparison to control group (P < 0.001).
In SAM children diastolic dysfunction grade II was detected in thirty percent (30%), while 40% have diastolic dysfunction grade I and 30% preserved normal diastolic function in comparison to 100% normal diastolic function in healthy group (P < 0.001). Both SAM and healthy children have a normal systolic function (Table 1) .
Two cases died during treatment course at hospital, they were suffering from sepsis and diastolic dysfunction grade II was detected in both cases by tissue doppler imaging (date to death was about14 days from admission).
A statistically significant improvement in all anthropometric indices (WAZ, WHZ, HAZ, MUAC) were documented in survived malnourished children (P < 0.001) after nutritional rehabilitation (Table 2 ) with a significant improvement in their hemoglobin level without blood transfusion also serum K and Ca reached their normal levels (P < 0.001) in comparison to at admission parameters. The previously affected left ventricular diastolic function improved significantly to be 65.6% normal, 31% grade I and 3.4% grade II diastolic dysfunction (P < 0.005) after nutritional rehabilitation (Table 3) . No significant correlations were detected between diastolic dysfunction in PEM and their baseline anthropometric measurements at admission but positive correlations were detected between WAZ, HAZ, WHZ and MUAC and diastolic function after nutritional rehabilitation (Tables 4 and 5 ).
Still no significant changes observed with nutritional rehabilitation on left ventricular systolic function.
Discussion
Severe acute malnutrition (SAM) is a huge global public health issue which is up till now a significant cause of childhood mortality all over the world [12, 13] .
This study revealed that the majority of malnourished children were related to rural residents with low or very low social standards and these results may be due to the fact that undernutrition is strongly related to the low income and social standard and also, it is related with the rural conditions. Different authors documented that severe acute malnutrition is associated with the poor standard of living and living in rural regions [14] [15] [16] . The association of a higher percentage of breastfeeding with malnutrition in our study (66.7%) suggests that breastfeeding in these cases was insufficient for their normal growth which may be due to prolonged breastfeeding, breastfeeding without optimal supplementation or if the mother is weak, underweight and malnourished related to their poor socioeconomic standards and this was in agreement with Berkley et al., 2005 [17] . The most common comorbidities detected with malnourished were dehydration, followed by bronchopneumonia and gastroenteritis. These ratios were close to those reported by Kerac cases of PEM with more than 40% loss of the expected weight have reduced LV systolic function [22] [23] [24] .
The variability of the aforementioned results could be attributed to other factors, for instance, the severity of the electrolyte imbalance or trace element deficiency which affect LV systolic function.
A diastolic dysfunction in 70% of malnourished children was reported in our study. In more details; a significantly decreased E velocities, indicating diastolic myocardial abnormalities, and increased E/e′ ratio at the lateral wall, which is a correlate of myocardial relaxation and LV filling pressure, in comparison to the healthy control children. Moreover, a negative but insignificant correlation between height for age Z score and E/e′ was documented in children suffering from SAM.
Although our studied children with SAM have significantly lower hemoglobin, ionized calcium and serum potassium levels in comparison to the healthy control group but, the degree of diastolic dysfunction detected in those patients was not correlated with these deficiencies.
The previous findings reported in our study were on the contrary to El-Sayed et al., 2006 and Nagla et al., 2010 where no alteration in E or E/e′ were detected in patients with PEM in comparison to control group using echocardiography [25, 24] . Nutritional rehabilitation was palned according to WHO standardized protocol for management of severe malnutrition and complications were managed accordingly [8] .
Similar to the results obtained by Kerac et al., 2014 , Public Health Foundation of India, 2012, Stettler and Iotova, 2010 and Dulloo, 2008 [26-29] , a marked improvement was observed in all anthropometric indices of studied severely malnourished children after nutritional rehabilitation, regarding WHZ, WAZ and MUAC.
Marked improvement in hemoglobin level and normalization of TLC count, serum potassium, and serum calcium were detected in children with SAM at discharge from nutrition rehabilitation program and these data are in agreement with the results in other studies [24, 26] .
During the treatment course at hospital, 2 cases died due to septic shock and this happened within two weeks after admission, their TDI revealed diastolic dysfunction grade II .
TDI for children with SAM post rehabilitation showed that 65% have a normal diastolic function in comparison to pre-rehabilitation with 70% diastolic dysfunction (P value > 0.001). Different degrees of positive correlations between diastolic function and anthropometric measurements (WAZ, HAZ, WHZ, MUAC) after rehabilitation were detected. Recently, Spaulding et al., 2016 reported that children with severe malnutrition suffer cardiac muscle wasting and ventricular dysfunction that responds well to nutritional rehabilitation therapy, also Nagla et al., 2010 concluded that nutritional rehabilitation reverses cardiac abnormalities significantly [3, 24] .
The current study is the first to evaluate ventricular dysfunction by TDI in children with SAM. This differences between this study and other studies could be attributed to the variable subject ages or the different disease severity and/or duration.
We concluded from our study that most children with SAM have ventricular diastolic dysfunction which improves to a great extent after nutritional rehabilitation. Impaired diastolic function in malnourished children may be a predictor of mortality in these cases. Also, we recommend the use of Tissue Doppler as a follow-up tool for prognostic evaluation and risk stratification in severely malnourished children as it has the advantage of simple, easy detection, lower expense, easily repeated measurement and convenient monitoring of outcome.
